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SYSTEM AND METHOD FOR MAGNETIC 
RESONANCE BRAIN SCAN PLANNING 

This application claims the bene?t of US. Provisional 
Application No. 60/826,251, ?led Sep. 20, 2006, the disclo 
sure of Which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to magnetic resonance brain 
scanning, and more particularly, to automatic magnetic reso 
nance brain scan planning. 

Magnetic Resonance (MR) is a Well knoWn technique for 
imaging internal organs of a patient. MR scanners are typi 
cally capable of generating cross-sectional images in any 
plane of the body, including oblique planes. Accordingly, the 
MR volume data resulting from MR scans can have many 
possible orientations. In MR brain scanning, planning is 
needed in order to determine the orientation and position of 
the scanning volumes. In a typical MR brain scan process, an 
MR operator ?rst acquires scout/localiZer images by a short 
time sequence. The operator then manually plans a 3D diag 
nostic, Which typically take a longer time, scan from the 
localiZer images. The operator can plan other diagnostic 
scans from available images using anatomic landmarks. 
HoWever, different hospitals, departments, and operators 
many use different anatomic landmarks to plan the scanning. 
Even When the same anatomic landmarks are used, the scan 
ning can be executed inconsistently, due to inter- or intra 
operator variation. This can cause variations in the position 
and orientation of various MR brain scans, Which can lead to 
problems With diagnosis When using MR brain images gen 
erated from MR brain scans. Thus, automated and consistent 
MR scan planning is desirable in clinical MR scanning appli 
cations. 

Various methods have been proposed for automating the 
MR brain scanning process. HoWever, such methods require 
a 3D scout scan for registration. This type of 3D scout imag 
ing is only used for the planning algorithm, not for diagnostic 
purposes. During the planning of the MR brain scan, a patient 
must lie absolutely still in a con?ned space of the MR scan 
ning machine. This may be uncomfortable or unnerving for 
the patient. Accordingly, it is desirable to make to planning 
process as fast as possible. Since an extra non-diagnostic 3D 
scan is time-consuming, methods requiring a 3D scout image 
may be undesirable in clinical MR scanning applications. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides a method and system for 
automatic magnetic resonance (MR) brain scan planning. 
Embodiments of the present invention automatically plan 3D 
diagnostic MR brain scans using orthogonal 2D localiZer 
images. 

In one embodiment of the present invention, an MR brain 
scan is automatically planned based on a set of 2D orthogonal 
MR image slices including a transversal slice, a coronal slice, 
and a sagittal slice. A sagittal scanning plane is determined 
based on a location of the mid-sagittal plane (MSP) in the 
transversal and coronal slices, and a diagnostic sagittal MR 
scan is acquired based on the sagittal scanning plane. The 
corpus callosum (CC) is then segmented in a sagittal MR 
image slice resulting from said diagnostic sagittal MR scan. A 
transversal scanning plane is determined based on a location 
of the CC in the sagittal MR image slice and the location of the 
MSP in the coronal slice, and a coronal scanning plane is 
determined based on a location of the CC in the sagittal MR 
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2 
image slice and the location of the MSP in the transversal 
slice. Diagnostic transversal and coronal MR scans can then 
be acquired based on the transversal scanning plane and the 
coronal scanning plane, respectively. 

In another embodiment of the present invention, an MR 
brain scan is automatically planned based on a template 
image having a de?ned scanning plane. Relevant landmarks 
to the de?ned scanning plane in the template image are iden 
ti?ed. The template image is then registered to a target image 
based on only the relevant landmarks in order to de?ne a 
scanning plane for the target image. The relevant landmarks 
can be pre-identi?ed in the template image, or can be deter 
mined by detecting anatomic landmarks having a spatial rela 
tionship With the de?ned scanning plane. 

These and other advantages of the invention Will be appar 
ent to those of ordinary skill in the art by reference to the 
folloWing detailed description and the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an automatic magnetic resonance (MR) 
brain scan planning method according to an embodiment of 
the present invention; 

FIG. 2 illustrates exemplary transversal and coronal 
images used to determine a sagittal scanning plane; 

FIG. 3 illustrates exemplary coronal and sagittal images 
used to determine a transversal scanning plane; 

FIG. 4 illustrates exemplary transversal and sagittal images 
used to determine a coronal scanning plane; 

FIG. 5 illustrates a method for detecting a location of the 
mid-sagittal plane (MSP) in transversal and coronal localiZer 
images according to an embodiment of the present invention; 

FIG. 6 illustrates head localiZation in an exemplary coronal 
localiZer image; 

FIG. 7 illustrates detection of a separation line in an exem 
plary transversal localiZer image; 

FIG. 8 illustrates a method for determining the sagittal 
scanning plane based on the detected location of the MSP in 
the transversal and coronal localiZer images according to an 
embodiment of the present invention; 

FIG. 9 illustrates determination of a ?eld of vieW of the 
sagittal scanning plane; 

FIG. 10 illustrates an exemplary MSP sagittal slice con 
structed based on the detected location of the MSP in trans 
versal and coronal localiZer images; 

FIG. 11 illustrates an MR brain scan planning method 
according to another embodiment of the present invention; 

FIG. 12 illustrates exemplary relevant landmarks for a 
de?ned scanning plane; 

FIG. 13 illustrates an exemplary scanning plane for Which 
the MSP is a relevant landmark; and 

FIG. 14 is a high level block diagram of a computer capable 
of implementing the present invention. 

DETAILED DESCRIPTION 

The present invention is directed to a method for automatic 
magnetic resonance (MR) brain scan planning. Embodiments 
of the present invention are described herein to give a visual 
understanding of the segmentation method. A digital image is 
often composed of digital representations of one or more 
objects (or shapes). The digital representation of an object is 
often described herein in terms of identifying and manipulat 
ing the objects. Such manipulations are virtual manipulations 
accomplished in the memory or other circuitry/hardware of a 
computer system. Accordingly, is to be understood that 
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embodiments of the present invention may be performed 
Within a computer system using data stored Within the com 
puter system. For example, according to various embodi 
ments of the present invention, electronic data representing a 
target MR image, as Well as electronic data representing 
training images for an active shape model are manipulated 
Within a computer system. 

According to an embodiment of the present invention, the 
MR brain scan planning method of the present invention can 
determine 3D scanning planes based on a set of 2D orthogo 
nal MR image slices. The 2D orthogonal MR image slices can 
be localiZer or scout images acquired by a less time-consum 
ing MR sequence. The set of 2D orthogonal image slices 
includes a transversal MR image slice (transversal localiZer 
image), a coronal MR image slice (coronal localiZer image), 
and a sagittal MR images slice (sagittal localiZer image). 

FIG. 1 illustrates an automatic magnetic resonance (MR) 
brain scan planning method according to an embodiment of 
the present invention. The method of FIG. 1 determines scan 
ning planes for sagittal, transversal, and coronal diagnostic 
MR brain scans based on a set of 2D orthogonal MR image 
slices including a transversal localiZe image and a coronal 
localiZer image. This method automatically identi?es ana 
tomic landmarks in the brain using the localiZer images and 
available diagnostic images, and de?nes the scanning planes 
based on these anatomic landmarks. 

At step 102, the location of the mid-sagittal plane is 
detected in the transversal and coronal localiZer images. The 
mid-sagittal plane is a plane Which separates the tWo hemi 
spheres of the brain. The location of the MSP can be repre 
sented as a line separating the hemispheres of the brain in 
each of the coronal and transversal localiZer images. Accord 
ing to an embodiment of the present invention, the MSP 
location can be detected in each of the transversal and coronal 
localiZer images by calculating symmetric lines to minimize 
the difference betWeen tWo sides of each localiZer images. 
The symmetric lines calculated in each localiZer image are 
then ?ned tuned using a linear regression method With robust 
Weights in order to determine a separation line Which best 
separates the tWo hemispheres in each localiZer image. This 
method of automatically detecting the MSP location in trans 
versal and coronal images is described in greater detail beloW. 

At step 104, a sagittal scanning plane is determined based 
on location of the MSP detected in the transversal and coronal 
localiZer images. As described above, the MSP is represented 
by a line in each of the transversal and coronal localiZer 
images. These lines de?ne the plane of the MSP. The calcu 
lation of the MSP equation from the lines representing the 
MSP in the transversal and coronal localiZer images is 
described in greater detail beloW. The sagittal scanning plane 
is determined to be parallel to the MSP. 
At step 106, a diagnostic sagittal scan is acquired. The 

diagnostic sagittal scan is a high-resolution MR scan With 
desired contrast based on the sagittal scanning plane. The 
diagnostic sagittal scan in acquired by scanning parallel to the 
sagittal scanning plane using an MR scanning device. The 
diagnostic sagittal scan results in a plurality of sagittal image 
slices, each of Which is an image of the brain in a plane 
parallel to the MSP. One of the sagittal image slices of the 
diagnostic sagittal scan is an image of the MSP. This slice is 
referred to herein as the “MSP” sagittal slice. 

FIG. 2 illustrates exemplary transversal and coronal 
images used to determine a sagittal scanning plane. As illus 
trated in FIG. 2, a transversal localiZer image 210 and a 
coronal localiZer image 220 are used to determine a sagittal 
scanning plane resulting in a diagnostic sagittal scan 230. 
Separation lines 212 and 222 representing the location of the 
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4 
MSP are detected in the transversal localiZer image 210 and 
the coronal localiZer image 220, respectively. The separation 
lines 212 and 222 de?ne the plane of the MSP, Which is used 
as the sagittal scanning plane. Accordingly, the diagnostic 
sagittal scan 230 based on the sagittal scanning plane results 
in a plurality of sagittal image slices parallel to the MSP. The 
coronal image slice used in this step can be a coronal localiZer 
image. HoWever, it is also possible to use a coronal image 
slice of the diagnostic coronal scan after the diagnostic coro 
nal scan is acquired using step 114 and 116. 

Returning to FIG. 1, at step 108, the corpus callosum (CC) 
is segmented in the MSP sagittal slice of the diagnostic sag 
ittal scan. According to an embodiment of the present inven 
tion, the CC can be segmented from the MSP sagittal slice 
using an active shape model (ASM) With con?dence Weight 
ing and region based re?nement. A method for CC segmen 
tation using an ASM With con?dence Weighting and region 
based re?nement is described in detail in Us. patent appli 
cation Ser. No. 11/782,828, Which is incorporated herein by 
reference. 

At step 110, the transversal scanning plane is determined. 
The transversal scanning plane is determined based on the 
location of the MSP in the coronal localiZer image and the CC 
segmented in the MSP sagittal image. In particular, a line 
connecting the bottom portions of the CC in the MSP sagittal 
image is combined With a line perpendicular to the MSP line 
in the coronal localiZer image to de?ne the transversal scan 
ning plane. The calculation of transverse scanning plane from 
these tWo lines is similar to the calculation of MSP from the 
separation lines in coronal and transverse images in step 104. 
At step 112, a diagnostic transversal scan is acquired. The 

diagnostic transversal scan is a high-resolution MR scan With 
good contrast for anatomic structures of interest based on the 
transversal scanning plane. The diagnostic transversal scan is 
acquired by scanning parallel to the transversal scanning 
plane using an MR scanning device. The diagnostic transver 
sal scan results in a plurality of transversal image slices, each 
of Which is an image of the brain in a plane parallel to the 
transversal scanning plane. 

FIG. 3 illustrates exemplary coronal and sagittal images 
used to determine a transversal scanning plane. As illustrated 
in FIG. 3, a coronal localiZer image 310 and an MSP sagittal 
image 320 are used to determine a transversal scanning plane 
resulting in a diagnostic transversal scan 330. A line 312 is 
detected Which is perpendicular to the line representing the 
location of the MSP in the coronal localiZer image 310. A CC 
boundary 322 separating the CC 324 and the ventricle 326 is 
detected in the MSP sagittal image 320 in the CC segmenta 
tion of step 108. A line 328 connecting the bottom portions of 
the CC 324 is detected based on the segmented CC boundary 
322. The lines 312 and 328 de?ne the transversal scanning 
plane. Accordingly, the diagnostic transversal scan 330 based 
on the transversal scanning plane results in a plurality of 
transversal image slices parallel to the transversal scanning 
plane. 

Returning to FIG. 1, at step 114, the coronal scanning plane 
is determined. The coronal scanning plane is determined 
based on the location of the MSP in a transversal image slice 
and the CC segmented in the MSP sagittal image. In particu 
lar, a line perpendicular to the MSP line in the transversal 
image slice is combined With a line perpendicular to the tope 
surface of the ventricle in the MSP sagittal image to de?ne the 
coronal scanning plane. The calculation of coronal scanning 
plane from these tWo lines is similar to the calculation of MSP 
from the separation lines in coronal and transverse images in 
step 104. The transversal image slice used in this step can be 
a transversal image slice of the diagnostic transversal scan. 
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However, it is also possible to use the transversal localiZer 
image so that this step can be performed prior to or in parallel 
With step 110. 

At step, 116 a diagnostic coronal scan is acquired. The 
diagnostic coronal scan is a high-resolution MR scan based 
on the coronal scanning plane. The diagnostic coronal scan in 
acquired by scanning parallel to the coronal scanning plane 
using an MR scanning device. The diagnostic coronal scan 
results in a plurality of transversal image slices, each of Which 
is an image of the brain in a plane parallel to the coronal 
scanning plane. 

FIG. 4 illustrates exemplary transversal and sagittal images 
used to determine a coronal scanning plane. As illustrated in 
FIG. 4, a transversal image slice 410 of the diagnostic trans 
versal scan and an MSP sagittal image 420 are used to deter 
mine a coronal scanning plane resulting in a diagnostic coro 
nal scan 430. A line 412 is detected Which is perpendicular to 
the line representing the location of the MSP in the transversal 
image slice 410. A CC boundary 422 separating the CC 424 
and the ventricle 426 is detected in the MSP sagittal image 
420 in the CC segmentation of step 108. A line 428 is detected 
Which is perpendicular to the top surface of the ventricle 426 
based on the segmented CC boundary 422. The lines 412 and 
428 de?ne the coronal scanning plane. Accordingly, the diag 
nostic coronal scan 430 based on the coronal scanning plane 
results in a plurality of coronal image slices parallel to the 
coronal scanning plane. 

Although the method of FIG. 1 determines the transversal 
scanning plane (step 110) prior to determining the coronal 
scanning plane (step 114), the present invention is not limited 
thereto. These steps can be performed in any order or in 
parallel When one of the transversal or coronal scanning 
planes is determined prior to the other, a slice in the resulting 
diagnostic scan from the prior determined scanning plane can 
be used in determining the other scanning plane. HoWever, it 
is also possible that the localiZer images are used for deter 
mining both scanning planes When the scanning planes are 
determined in parallel. 

FIG. 5 illustrates a method for detecting a location of the 
mid-sagittal plane (MSP) in transversal and coronal localiZer 
images according to an embodiment of the present invention. 
Accordingly, step 102 of FIG. 1 is explained in greater detail 
by referring to FIG. 5. 

As illustrated in FIG. 5, at step 502, the head is localiZed in 
the transversal and coronal localiZer images. FIG. 6 illustrates 
head localiZation in an exemplary coronal localiZer image 
600. The localiZation is performed similarly in a transversal 
localiZer image. Step 502 is described While referring to 
FIGS. 5 and 6. The head is localiZed in the coronal and 
transversal localiZer images by ?tting an ellipse 602 to the 
image to maximiZe the measurement of ?tting, i.e., 

Where I represents the image data With I(x,y) referring to the 
pixel value at location (x,y). (cx,cy) is the center of the ellipse 
602, a and b are the lengths of the long axis and the short axis 
of the ellipse 602, respectively. P(cx,cy,a,b) models prior 
probability of the parameters and 
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measures the strength of the image gradient in a boundary 
region C of the ellipse 602. As illustrated in FIG. 6, the 
boundary region C is a narroW band With a certain Width 
around the outline of the ellipse 602, Where outline of the 
ellipse 602 represents the set of the points satisfying equation 

With an assumption of independence, P(cx,cy,a,b):P(cx)P 
(cy)P(a)P(b), Where P(cx):1, P(cy):1, 

P(a) — 831%? and P(b) = 
Eh 

Where W is the Width of the image, and h is the height of the 
image. The roll and pitch of head does not need to be modeled 
since head posture is typically immobilized during the MR 
scanning process and head localiZation only needs to give an 
approximate estimation of the head position for next step 
calculation, and the model in Equation (1) is su?icient for this 
purpose. 
At step 504, a symmetrical axis is detected in each of the 

transversal and coronal localiZer images. The symmetrical 
axis is de?ned as L, Where 

(2) 

Where (x',y') is the symmetric point of (x,y) With respect to 
line L, and region D (see FIG. 6) is de?ned as a rectangular 
area that covers from the top the image to the bottom of the 
ellipse 602 de?ned in step 502. Region D excludes irrelevant 
anatomy in the image, such as the shoulders in FIG. 6. Both 
equations (1) and (2) can be optimiZed using the Simplex 
method, such as the method described in W. H. Press et al., 
“Numerical Recipes in C”, Cambridge University Press, Sec 
ond Edition, 1992. 
At step 506, a separation line is detected by ?ne tuning the 

symmetrical axis in each of the transversal and coronal local 
iZer images. FIG. 7 illustrates detection of the separation line 
in an exemplary transversal localiZer image. It is to be under 
stood that this can be similarly performed in a coronal local 
iZer image. Image 710 illustrates the symmetrical line L 
detected for the transversal localiZer image. As illustrated in 
image 720, an area adjacent to the symmetrical line L can be 
denoted as LA. The left and right sides of LA are both 0.1a 
aWay from the symmetrical line L, Where a is the short axis of 
the ellipse in equation (1). In order to ?ne tune the symmetri 
cal axis L, pixels located betWeen the hemispheres of the 
brain are detected. Each such pixel is denoted as a point p, and 
the set of the pixels p detected betWeen the hemispheres of the 
brain can be denoted as M. The pixel intensities of every 
horiZontal line in the area LA are correlated With a symmetric 
array [1,1,0,1,1]. Due to the symmetry of brain structure 
across the MSP, in each horiZontal line in LA a point p is 
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detected as the point that has the largest absolute value. A 
linear regression With robust Weights can than be used to 
determine a separation line separating the hemispheres based 
on the points p in the detected set M. Image 730 illustrates the 
separation line 732 detected for the transversal localiZer 
image. The separation lines detected in each of the transversal 
and coronal localiZer images represent the location of the 
MSP in the transversal and coronal localiZer images. 

FIG. 8 illustrates a method for determining the sagittal 
scanning plane based on the detected location of the MSP in 
the transversal and coronal localiZer images according to an 
embodiment of the present invention Accordingly, step 1 04 of 
FIG. 1 is explained in greater detail by referring to FIG. 8. 

At step 802, a 3D representation of the MSP is calculated 
based on the separation lines detected in the transversal and 
coronal localiZer images. The 3D representation of the MSP 
is calculated based upon the 2D geometry of the separation 
lines representing the location of the MSP in each of the 
transversal and coronal localiZer images, as Well as 3D infor 
mation associated With each of the coronal and transversal 
localiZer images. The 3D information corresponds to the 
physical coordinate of pixels in each of the localiZer images. 
For each of the transversal and coronal localiZer images, let 
the coordinate vector of the left and upper comer of the slice 

be pos, let the roW vector of the slice, Which is the unit vector 

pointing along the height of the slice, be row, and let the 
column vector of the slice, Which is the unit vector pointing 

along the Width of the slice, be col. The separation line in the 
2D space of the slice can be represented as x:ky+c. The 3D 

. . . . —> —> —) 

parametric representation of the line is p I p O+t~ V , Where 
~> ~> ~> ~> . ~> ~> 

p orp o s+c~c o l, and V is represented as etc o l+[3~ro W, so 

that otl [3:k and (x2+[32:1. Values ofpos, col and row can be 
retrieved from the DICOM header associated With the image 
slice. 
At step 804, the norm of the MSP is calculated. The direc 

tion in 3D of the separation lines in coronal and transverse 

localiZer images can be denoted as Z and b, respectively. The 

norm of the MSP can be calculated as HIZXF. 
At step 806, a point in the MSP is located. Let p1 and p2 be 

the closest points to each other in the tWo separation lines. The 
MSP should pass through the mid-point of p1 and p2. To 
determine the coordinates of p1 and p2, according to the 3D 

. . ~> ~> ~> ~> ~> 

representation ofthe l1nes, let p l: s l+tl~ v 1 and p 2: s 2+t2~ 

V2. The distance betWeen p 1 and p2 is calculated as L:||pl— 

F2II2. The equation array 

can be solved to obtain the value of t 1 and t2. Let the mid-point 

ofpl and 32 be The MSP is then represented as 

RIO, Where a is variable representing a 3D point in the MSP. 
The MSP represents the sagittal scanning plane Which deter 
mines the orientation of an MR scanner for performing a 
diagnostic sagittal scan. 

At step 808, a ?eld of vieW (FOV) of the sagittal scan is 
determined. Although the orientation of the scanner for a 
diagnostic sagittal scan is determined so that the scan is 
parallel to the sagittal scanning plane (MSP), the FOV of the 
sagittal scan refers to the height and Width of each slice in the 
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8 
diagnostic sagittal scan. The FOV of the sagittal scan is deter 
mined based on the ellipses ?t to the head in the coronal and 
transversal localiZer images in step 702. FIG. 9 illustrates 
determination of a ?eld of vieW of the sagittal scanning plane. 
As illustrated in FIG. 9, the long axis of ellipse 912 in the 
coronal localiZer image 910 determines the height of the head 
in the sagittal vieW 930. The long axis of the ellipse 922 in the 
transversal localiZer image 920 determines the Width of the 
head in the sagittal vieW 930. The FOV is a rectangle that is 
slightly larger than the inferred head siZe in the sagittal vieW 
930. 

FIG. 10 illustrates an exemplary MSP sagittal slice con 
structed using the methods of FIGS. 5 and 8 based on the 
location of the MSP in transversal and coronal localiZer 
images. Image 1010 is a coronal localiZer image and image 
1020 is a transversal localiZer image. Separation lines 1012 
and 1022 representing the location of the MSP are detected in 
the coronal and transversal localiZer images 1010 and 1020, 
respectively Image 1030 is a sagittal vieW of the MSP calcu 
lated based on the separation lines 1012 and 1022 detected in 
the coronal and transversal localiZer images 1010 and 1020, 
respectively. A subsequent diagnostic sagittal scan is per 
formed along planes parallel to the MSP vieW 1030. The 
dotted lines in images 1010 and 1020 Which are parallel to the 
detected MSP represent the scan FOV Which is calculated 
based on the ellipses ?t in the head localiZation step (step 
702). 

FIG. 11 illustrates an MR brain scan planning method 
according to another embodiment of the present invention. 
The method of this embodiment maps a pre-de?ned scanning 
plane to a current scanusing image registration methods. This 
method provides users a ?exible option to create a custom 
scanning plane, Which can be used consistently. At step 1102, 
a template image having a de?ned scanning plane is received. 
The scanning plane can be manually de?ned by a user on the 
template image. It is possible that a computer system per 
forming the steps of this method receive the template by 
receiving a user input to de?ne the scanning plane on an 
image stored by the computer system. It is also possible that 
the computer system receives or loads a previously stored 
template image having the scanning plane de?ned thereon. 

At step 1104, relevant landmarks are determined in the 
template image. As used herein, the term “relevant land 
marks” refers to landmarks in an image Which are close to the 
scanning plane and thus in?uence the mapping of the geom 
etry of the de?ned scanning plane by registration. The rel 
evant landmarks can be identi?ed by a user on the template 
image. Such relevant landmarks can be landmarks used by the 
user to align the scanning plane. FIG. 12 illustrates exemplary 
relevant landmarks for a de?ned scanning plane. As illus 
trated in example A of FIG. 12, for the manually de?ned 
scanning plane 1202, landmark 1204 is a relevant landmark 
and landmark 1206 is an irrelevant landmark. As illustrated in 
example B of FIG. 12, for the manually de?ned scanning 
plane 1212, landmark 1214 is a relevant landmark and land 
mark 1216 is an irrelevant landmark. 

According to an alternate implementation, the relevant 
landmarks can be automatically identi?ed based using a com 
puter-based method that checks a spatial relationship 
betWeen the de?ned scanning plane and anatomic landmarks 
in the template image. FIG. 13 illustrates an exemplary scan 
ning plane for Which the MSP is a relevant landmark. As 
illustrated in FIG. 13, template image 1300 is coronal MR 
image slice having a manually de?ned scanning plane 1302. 
The manually de?ned scanning plane 1302 for the template 
image 1300 correlates Well With the MSP, thus a computer 
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based method for automatically identifying relevant land 
marks can determine that the MSP is the relevant landmark 
for registration. 

Returning to FIG. 11, at step 1106, the template image is 
registered to a target image using only relevant landmarks to 
de?ne the scanning plane for the target image. The target 
image can be a localiZer image used for scan planning. The 
template image is registered to the target image using only the 
relevant landmarks to the de?ned scanning plane, While 
ignoring all irrelevant landmarks in the template image. 
Accordingly, the scanning plane is mapped to the target 
image, and the siZe, position, and orientation of the scanning 
plane is adjusted only based on the relevant landmarks. 

Traditional landmark based registration techniques map 
template images to target images using all available land 
marks Within the entire image domain. Since the method of 
FIG. 11 utiliZes only landmarks relevant to the de?ned scan 
ning plane for template registration, this method can more 
accurately and consistently map the de?ned scanning plane to 
target images to de?ne scanning planes of subsequent scans. 

The above-described methods for MR brain scan planning 
can be implemented on a computer using Well-knoWn com 
puter processors, memory units, storage devices, computer 
softWare, and other components. A high level block diagram 
of such a computer is illustrated in FIG. 14. Computer 1402 
contains a processor 1404 Which controls the overall opera 
tion of the computer 1402 by executing computer program 
instructions Which de?ne such operation. The computer pro 
gram instructions may be stored in a storage device 1412 
(e.g., magnetic disk) and loaded into memory 1410 When 
execution of the computer program instructions is desired. 
Thus, applications for performing the above described 
method steps can be de?ned by the computer program 
instructions stored in the memory 1410 and/or storage 1412 
and controlled by the processor 1404 executing the computer 
program instructions. Furthermore, image data correspond 
ing to MR brain images, including loW-resolution localiZer 
images and high-resolution diagnostic images can be stored 
in the memory 1410 and/or the storage 1412. An MR scan 
ning device 1420 Which generate MR images can be con 
nected to the computer 1402 to input MR images to the 
computer 1402. It is possible to implement the MR scanning 
device and the computer 1402 as one device. It is also possible 
the MR scanning device 1420 and the computer 1402 com 
municate Wirelessly through a netWork. The computer 1402 
also includes one or more netWork interfaces 1406 for com 
municating With other devices via a netWork. The computer 
1402 also includes other input/output devices 1408 that 
enable user interaction With the computer 1402 (e.g., display, 
keyboard, mouse, speakers, buttons, etc.) One skilled in the 
art Will recogniZe that an implementation of an actual com 
puter could contain other components as Well, and that FIG. 
14 is a high level representation of some of the components of 
such a computer for illustrative purposes. 
The foregoing Detailed Description is to be understood as 

being in every respect illustrative and exemplary, but not 
restrictive, and the scope of the invention disclosed herein is 
not to be determined from the Detailed Description, but rather 
from the claims as interpreted according to the full breadth 
permitted by the patent laws. It is to be understood that the 
embodiments shoWn and described herein are only illustra 
tive of the principles of the present invention and that various 
modi?cations may be implemented by those skilled in the art 
Without departing from the scope and spirit of the invention 
Those skilled in the art could implement various other feature 
combinations Without departing from the scope and spirit of 
the invention. 
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What is claimed is: 
1. A method for automatic magnetic resonance (MR) brain 

scan planning based on a set of 2D orthogonal MR image 
slices including a transversal slice, a coronal slice, and a 
sagittal slice, comprising: 

determining a sagittal scanning plane based on a location 
of a mid-sagittal plane (MSP) in each of the transversal 
slice and the coronal slice; 

acquiring a diagnostic sagittal MR scan based on said 
sagittal scanning plane; 

segmenting a corpus callosum (CC) in a sagittal MR image 
slice resulting from said diagnostic sagittal MR scan; 

determining a transversal scanning plane based on a loca 
tion of the CC in the sagittal MR image slice and the 
location of the MSP in the coronal slice; and 

determining a coronal scanning plane based on the location 
of the CC in the sagittal MR image slice and the location 
of the MSP in the transversal slice. 

2. The method of claim 1, further comprising: 
detecting the location of the MSP in each of the transversal 

slice and the coronal slice. 
3. The method of claim 2, Wherein said step of detecting the 

location of the MSP in each of the transversal slice and the 
coronal slice comprises: 

localiZing a shape of a head in each of the transversal slice 
and the coronal slice; 

detecting a symmetric axis in each of the transversal slice 
and the coronal slice; and 

detecting a separation line representing the location of the 
MSP by ?ne tuning the symmetric axis using linear 
regression With robust Weights in each of the transversal 
slice and the coronal slice. 

4. The method of claim 3, Wherein said step of detecting a 
separation line representing the location of the MSP com 
prises: 

detecting pixels Within an area adjacent to the symmetric 
axis that are betWeen brain hemispheres; and 

performing linear regression With robust Weights on pixels 
detected betWeen the brain hemispheres. 

5. The method of claim 4, Wherein said step of detecting 
pixels comprises: 

correlating pixel intensity of the pixels Within said area 
along each of a plurality of horiZontal lines With a sym 
metric array [1 101 1]; and 

detecting a pixel having a correlated pixel intensity With 
the largest absolute value in each of the plurality of 
horiZontal lines. 

6. The method of claim 3, Wherein said step of determining 
a sagittal scanning plane comprises: 

calculating a 3D representation of the MSP based on the 
separation lines detected in the transversal and coronal 
slices; 

calculating a norm of the MSP; 
locating a point on the MSP based on the 3D representation 

of the MSP, Wherein said point on the MSP and said 
norm of the MSP de?ne the sagittal scanning plane; and 

determining a sagittal scanning ?eld of vieW based on the 
shape of the head localiZed in each of the transversal 
slice and the coronal slice. 

7. The method of claim 6, Wherein said step of determining 
a sagittal scanning ?eld of vieW comprises: 

determining a height of the sagittal scanning ?eld of vieW 
based on the shape of the head localiZed in the coronal 
slice; and 

determining a Width of the sagittal scanning ?eld of vieW 
based on the shape of the head localiZed in the transver 
sal slice. 




